A microfluidic platform for the simultaneous quantification of methanogen populations in anaerobic digestion processes.
Methanogens are a diverse group of archaea that play a critical role in the global carbon cycle. The lack of appropriate molecular tools to simultaneously quantify numerous methanogenic taxa, however, has largely limited our ability to study these communities in a wide variety of habitats, such as anaerobic digesters (ADs). In this study, 34 probe-based quantitative PCR (qPCR) assays were designed to target all known methanogenic genera within the archaeal phylum Euryarchaeota. These qPCR assays were adapted to a high-throughput microfluidic platform, which allowed for the simultaneous detection and absolute quantification of numerous taxa in a single run. The resulting microfluidic qPCR (MFQPCR) platform was successfully used to decipher structure-function relationships among methanogenic communities in four laboratory-scale digesters exposed to a transient organic overload. Twelve of the 34 genera targeted in the MFQPCR were detected in the ADs, similar to results obtained using high-throughput sequencing. The MFQPCR platform and conventional qPCR assays also generated similar quantitative results. The MFQPCR tool developed here will help optimize AD technologies for efficient waste treatment and enhanced biogas production and can facilitate studies that will increase our understanding of methanogenic communities in other environments.